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SECTION I

INTRODUCTION

A. OBJECTIVE

Space Shuttle launches deposit massive quantities of hydrogen chloride

(HCI) into the environment (Reference 1). At present, the short- and long-

term environmental impacts of the HCI releases are not well characterized,

and quantitative monitoring of the transport of the HCi into the areas

surrounding the launch site is desirable. Previous models and measurements

demonstrated that the amount of HCI deposited on the ground depends on the

local meteorological conditions, temperature, humidity, windspeed and

direction (References 1-11). Furthermore, the HC1 can be found in both the

vapor and aerosol (hydrochloric acid droplets) forms. The relative

partitioning between the vapor and aerosol forms depends on a variety of

factors, such as, the HCI and water vapor partial pressures, temperature,

and the concentration and composition of the aerosol nucleation sites.

Since the concentrations of the HCI in the vapor and aerosol forms may be

quite different, it is necessary to monitor both.

B. BACKGROUND

Several HCI monitors have been previously developed (References

12-16); however, none are capable of monitoring both the va~: and aerosol

HCI content in real-time. Spectral Sciences, Inc. (SSI) has developed a

combined HCI vapor-aerosol monitor under Phase II SBIR (Small Business

Innovative Research program) funding from the Air Force Engineering

Services Center (AFESC), Tyndall AF8, Florida. The basic operation of the

SSI/AFESC HCI monitor is depicted in Figure 1, and a summary of its key

operational specifications is given in Table I. The instrument consists of

four major components: (I) an air-sampling, optical measurement unit, (2)

a power supply and analog signal output unit, (3) an analog--to-digital

(a/d) converter and timing pulse unit, and (4) a personal computer (PC).



SOLID PROPELLANT ROCKET EXHAUST( HC1 VAPOR AND AERDSDL.S)

AEROSOL DP-- TICS AND
EVADRTDR " DETECTIDN

EVAPRA ELECTRONICS

POWER SUPPLIES
ANALOG OUTPUT

PC DATA ACQUISITION DD Ft.
114IND ANALYSIS SIGNAL CABLE

D LIDTIMING PULSE
A/D CONVERSION

Figure 1. Schematic ot the Operation of the SSI/AFESC HC1 Monitor.

TABLE 1. SPECIFICATIONS FOR THE SSI/AFESC HC1 MONITOR.

Minimum Detectable HCI Conc. 100 ppb

Dynamic Range 0.1 - 10 3 ppm

Ansorption Path Length 7 m (variable from 4-10 m)

Detector PbSe (cooled to -20 C)

Sample Averaging Time 30 s (variable from 0 .- 103s)

Sample Cell Refilling Time 30 s

Electrical Requirements(a) 250 W/120 V AC

(a) This does not include the PC.

2



An air si...ple is arawn through the aerosoi 'vaporalor WrIich 'apo,, i,.s t

aerosols and releases the dissolved H'I into the gas phase. By turn :ig th,.

aerosol heater on and off one can determine both the total HC1 (aerosol iii

vapor) and the vapor phase HCI. The HCI COnlCent rl ion measuremrit I 1

per 'orme(o with a special infrared light source. Dat a acqu I S It Ion ; t'!

analysis are controlled by a remotely locateo PC. A 1000 foot sil,,i, c1 , gn,.

allows the PC to be locatedl in a bunker or control room arid ,iittih s r, !-

time monitoring of the concentrat ion measurement.

C. APPROACH

The 0levice is based on measuring the intrareo abso rptiol! ( -0

HCi in the 3.4 pim wavei ength region. The measurement appro;,,cii 1 t's o r

other- infraren uevices (Reterences 14-16) in that It Ill : j 2zs in iv,.

,ntrareo ilght source. in essence, the source corsists o1 FiG' r a !eat efr

c l I wh (,' i emlts the character i st i c HC! I i ne s )ict rum The p)r 1-" ,

uuviarl age ot usinrig a j i l.t source spectral Iv mat cheao to) the ;;)s : )' O

spect rum Is one o! spec Ies seiectLvlty. This enab I,, S (a[tI I aI :i

measuremenit of very smai I species concentrations i1 the presei 'e t) I

stronglIy absorbing specj es whose absorpt ion line pos i tions art: se)f t ri' Iy

ijncorrelat(o with the source line emission.

The basic measurement technique is summar'iZed in Figure 2. Thit HI(

lamp emission consists of high- interisity, narrow HC I emission i fn,,s

superlmpo sell on a low- Intensity cont i nuum. The cont iii oum em ission is QIo

to the quartz cell confininU the hot HCI gas. Typically, for the HCI ian!s

rr(idiiceo to date, the- total (Integrated over wave length) HCI line Efcmlis tlln

Is approx iiately eqial to the lotal continuuil l emi ssion. 'Or a rotiven ilni:t

intrareo source, such as a continuous black body e-ni tter (heaten witr,), the

total emitted energy within the spectral width of the HC1I lines is only

a rourii 1 percent. ol the tit a 1 black hoo'y con t iritutim . Th i s means t hat I h

use oil le HC I lamp reduces the intt ' er, Di'e oft un'orr iat end alhs)ot-frs lfV

approximately two or l e- of Magni tule.

The HCi .ronitor uses a s ngle pathlength, gas coIrrUiation, s.-ictri,

, it e vr:g scheme. The. amp emission is passed I h rou;ili i fit i l- w!i', i

co! ail~~tt I rig s i , ba-t'z ci elis which e i'lther cornta.r ,n an . ' t ro!,citrol r '\ xt re



(oesignated HC1 absorbing) or just nitrogen (designated nonabsorbing). The

HC1 concentration in the absorbing filter is adjusted to absorb out the 11CI

h ne emission. The difference between the total integrated signals for the

two filters is equal to the total HiCI source line emission. This quantity

is actermined whert no HC1 is present in the sample absorption path (White

Cell) andI is stored in the PC as the "zero" calibration constant. When 11(21

is introduced into the sample absorption path thc difference signal for the

twu filters is reduced. The difference signal can be quantitatively

related to the HCI concentra-.ion in the sample path.

The use of' a correlatedl light source in conjunction with gas

correlation filtering Is a significant improvement over the use of a

continuum black-body source with gas correlation filtering. It further

rt..luS, by about two orders o1' magnitude, the sensitivity of the

measurement to uncorrelated absorbers. For example, with conventional gas

correlation detection it would be difficult to detect 1 ppm HCl in the

presunce of 100 ppm CH 4 which also absorbs strongly in the same spectral

region as HCI. However, by using the correlated light source it would be

FILTER CELL TRANSMITTED WHITE CELL DETECTED
TRANSMISSION MCI LAM~P TRANSMISSION SIGNAL

HC I
MCI LAMP ABSORBING -

EM ISS ION

NON -

WAVELENGTH A7ORT N

DIFFERENCE

SIGNALDIFFERENCE
(CALIBRATION ZERO) SIGNAL

Figure 2. Schenmatic of Basic Measurement Approach.
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possible to detect. 1 ppm HCL in the presence of up to 10,000 ppm CH4,

Another autvantage relates to the required accuracy arid long-term stability

of the zero absorption calibration point. For conventional gas correiatjon

actection the zero calibration must be both accurate and stable to better

than 0.01 percent of the absolute signai level to measure an HCI

Concentraion of 1 ppm. However, by using the correlated light source rhe

accuracy and stability of the calibration need be only good to better than

1 percent in order to detect I ppm of HCi.

The next section presents an overview of the instrument subsystems and

the ca libration approach. More detailed discussions on the actuaI

operation and servicing of the HCI monitor are given in the appendices:

Appendix A - Instrument Performance Model; Appcndix B - HI( Monitor

Software; Appendix C - Optical Train; and Apennix I) - Electronic Design

for the HC(I Monitor.

5



SECTION II

INSTRUMENT DESCRIPTION

A. OPTICAL LAYOUT

The optical layout of the HC] monitor is shown In Figure 3. LIght

ftrm the HC1 lamp is collected by a calcium fluoride lens (25 mm diameter,

50 mm focal length) which focuses the light onto the filter wheel. A

second calcium fluoride lens (25 mm diameter, 38 mm focal length) refocuses

the light at the entrance aperture to the White Cell (Reference 17). The

White Cell mirrors have a focal length of 25 cm, and the effective light

ollecting diameter of the rear mirrors is 50 cm. The White Cell mirrors

were machined out of aluminum blanks which were plated with nickel before

polishing and overcoated with gold. The number of passes in the White Cell

is atijusted to 28 for a total pathlength of 7 meters. A third calcium

fluoride lens (25 mm diameter, 38 mm focal length) refocuses the output of

the White Cell onto a thermoelectrically cooled (two-stage) PbSe detector

(3mm x 3mm square). A band-pass filter is placed in front of the detector

to isolate the most strongly absorbing lines of lC1. The temperature of

FILTER VHEEL LNC

FIL TR-- REAR VHITE CELL

CELL

_4 ::' _ 7FRON T V H 1T E
ANDPA SS CELL MIRRDR

FILTER DETECTDR

Figure 3. Schematic of HCI Monitor Optical Layout.
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the detector is controlled actively, using a feedback circuit. This

circuit uses a thermister built into the detector package to sense thu

detector temperature and sends a correction current to the thermoelectric

cooler, which is proportional to the difference of the actual and preset

detector temperatures.

An airtight enclosure is placed over the White Cell (see Figure 4)

which allows the air to be drawn through the aerosol evaporator and into

the sample absorption path. The sampling pump has a maximum throughput of

94 cc/s and a power requirement of 15 watts. Given the enclosure volume of

2400 cc, it takes about 26 seconds to replenish the sample absorption

volume. The replenishing time constant is the fundamental limit to thu

time response of the HCl monitor to fast changes in the HC1 concentration.

If a faster response is desired, a higher throughput pump can be used. If

one is only interested in the vapor phase HCI, then the White Cell

enclosure can be removed and the limiting time response is the time it

takes the chopper wheel to make a single revolution (about 0.05 seconds).

..

Figure 4. Picture of Optical Components With (Right) and Without
(Left) Sample Absorption Path Cover and Aerosol

Evaporator.
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B. HC 1 LAMP

A schematic of the HC I light source is shown in Pi'-,ure 5. A quartz~

itibc (5.0 cm longj by 1.8 cmn diameter) is filled with an RdI/nitrogezi

m IX tureI. The front wincow of the emission cell is an extremely thin quartz

butnhie (approximately 0.1 mmn thick) deVeioped by G. Finkenbeiner (Reference

18) . Because of' its thinness this window is very transmissive (see Figure

6) and has a very small emnissivity. The thickness of' the rear winuow, 1.5

mmii thick quartz flat, is not critical because this part of' the cell is not

heated. A single layer of insulating material (ceramic fiber paper) is

Used to separate the ctell from the hetating wire (26 gauge nichroine) . Tile

Lpurpose of this is to more uniformly distribute the heat and background

infrared emission from the locally hotter and brighter nichrone wire.

About 12 primary nichrome wire "fingers" are spaced uni formly around the

ce !i1. These are covered by a layer of insulation and an additional six

seconnary nicnrorne "fingers" are Used to compensate for radiative and

convct .iye losses at the front of' the cell. This is important because it

prevezirs the HCi line! emission from becoming self-absorbedi by the cooler

--~i n~r the frojit window, thus, reducing the sensitivity of the system to

sra [1 concent~rationis of HCI in the sample absorption path. 'rhe cell is

i hte, wrapped with additional insulation to approximately 7 cm diameter.

The insuiation is baked to dirive out. all organic binders which increases

its -insutating properties.

A ther-mocouple is piacea close to the nichrone windings and is used to

mraintain thre cell at constant temperature over, a long time. The nominal

neraigte Mper-ature of the lamp is approximately 1000 K, although the

exact temperature is not too important as long as it remains constant. The

amp consumres about 12 watts at steady state.

Tite. ramp emission spectrum was measured with a 1/2 meter monochromator

iln( is compared in Figure 7 to modjel predictions based on the known

spec~troscopic ana radiative transport properties of' HCI (References 17-22).

Frorn an analysis of the lamp emission spectrum it was determined that the

ef I ec t ive emissiv i ty oft the quartz was 0).02 anti that the in tegra ted



,T.ojectilar lino and continuum emissions over the meaisurement band pass were

nearIy equal. The measurement band pass, chosen to select the lamp

emission lines which are most strongly absorbed by the much colder

atmospheric HCI, is shown in Fi Lure 8.

INSULATION

ALUMINUM
HDUSING

FRONT QUARTZ x " "X x x"BUBBLE"'BUBL ,, .x x MACHINED

WINDOW CERAMIC SUPPORT

SEALED QUARTZ
_ x CELL CONTAINING

x HC I/N.HC!/N MIXTURE
SECDNDARY 2
NICHRDME

HEATING FINGERS

THERMDCDUPLEP RIMARY

NICHROME HEATING
FINGERS

Figure 5. Schematic of the HCI Emission Lamp.

EMISSION CELL WINDOWS

................

z

CD

Ln

M

CC

I- ..... ,bb I.

-- Flat I'A

U. I I I I , ,

3.8 3.4 3.3 4.2 4.8

WAVELENGTH (Um)

Figure 6. Transmission of Quartz Windows.

9



- EXPERBIENT
CALCULPTEO

LEH

CE-

w

() J

CD

C _I A I I II I III I I I I I f I I I

3.20 3.25 3.30 3.35 3.40 3.5 3.50

WAVELENGTH (MICRONS)

Figure 7. Comparison of Observed and Predicted HC1 Lamp Spectrum.

CDO

Ur)
Y__

CE
af

3.2 3.4 3.6 3.8

wAVELENGTH (MICRONS)
Figure 8. Transmission Spectrum of the Band-Pass Filter.
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C. FILTER WHEEL

The filter wheel and its drive system are shown in Figure 9. It

contains four quartz cells (25 mm diameter, 8 mm thick) of which two are

filled with ary air and two are filled with an HCI/nitrogen mixture. The

concentration of HCI in the filter cell is adjusted so that most of the HCI

line emission from the lamp is attenuated. Predictions of the attenuation

of the lamp emission for several HCI concentrations in the filter cell are

displayeo in Figure 10. The current version of the prototype HCI monitor

uses an }{Ci mole fraction of 0.11. The two kinds of cells are arrangeu so

that like cells are 180 degrees opposed. It is not necessary to use a

reference pulse to distinguish among the cells or to indicate the overall

phase of revolution of the wheel. This is accomplished by the PC signal

processing software which recognizes that the signal alternates between

just two different maxima with the largest maximum always corresponding to

the pure nitrogen filter cell (largest transmission). The filter wheel

rotates at 20 revolutions a second; this rate is held constant by a control

circuit. This circuit uses a detection output to sense the rotation rate

and provides a correction voltage to the motor which is proportional to the

difference of the actual and preset rotation rates.

FILTER W.HEEL

CELL CELLHC~~D I ii  r O

N2 CELL

GEAR BEL T

Figure 9. Schematic of Filter Wheel.
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"-_ I I i '

;M- Source
...... 0.2 HCI

J-- 0.1 HCI

C-)

CE

3.1 3.2 3.3 3.4 3.5

WRVELENGTH (Um)

Figure 10. Predicted Attenuation of HCI Lamp Emission for Several
HC1 Concentrations in the Filter Cell. Filter Cell
Conditions: Temperature (295 K), Total Pressure (0.9

atm), and Pathlength (1 cm).

D. SAMPLE CELL TRANSMISSION

The attenuation of the HCI lamp for various concentrations of HCI in

the sample cell was experimentally determined using the 1/2 m monochromator

at high spectral[ resolution so that the lines of the individual chlorine

isotopes (H3 5 C1 and 113 7 C1) were resolved. This is shown in Figure 11 for

one of the absorption lines within the measurement band pass. A 1 cm path

Length absorption cell was used for these spectral scans. The equivalent

concentration for the 7 meter pathlength of the actual instrument is equal

to 1/700'th of the concentration in the 1 cm cell. Model predictions, also

shown in Figure 11, are in good agreement with the experimental

measurements and confirm that even small concentrations of HCl in the

s;,mpie path can appreciably attenuate the lamp output. About a 1 percent

reuuction in source intensity occurs for every ppm of HCl in the dbsorption

path. This can be compared to Instruments based on a continuum infrared

12



source, such as the Lawrence Livermore laboratory instrument (Reference

16), where there is approximately a 0.04 percent reduction In source

intensity for every ppm of HCI in the absorption path (this assumes a 7-

meter total path).

REFERENCE CELL ABSORPTION CELL

EXPERIMENT

...... CALCULATEO

C)

,F--

I II

N.Z = -

• al l l

3.370 3.375 3.380 3.370 3.375 3.380

WAVELENGTH (MICRONS) WAVELENGTH (MICRONS)

Figure 11. Comparison of Observed and Predicted Attenuation of A

Single Pair of Isotopic 11CI Emission Lines. Lamp
Conditions: Temperature (1100 K), Total Pressure 1.01
arm), Pathlength (4.5 cm), HC1 Mole Fraction (0.1),
Quartz Emissivity (0.02). Equivalent White Cell

Conditions:Temperature (295 K), Pressure (0.92 atm), Patth

Length (7 m). and HC1 Concentration (32.9 ppm).
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E. AEROSOL EVAPORATOR

The aerosol evaporator is displayed in Figure 12. Air is drawn

throuj:tz the resistively heated porous carbon plug (2.54 cm o.d, 1.91 cm

i.d. ). The number o" times an aerosol particle encounters the internal

surfaces of the carbon plug as it passes through the matrix is aetermined

by the thickness and porosity of the carbon. The total power dissipated by

trhe hea,'er is about 22 watts (4.7 volts through 1.0 ohm).

The steady-state temperature of the gas exiting the heater is 118(C.

This temperature is attained in less than 10 seconds after switching on the

room temperature evaporator. However, there is a long decay time down to

room temperature after the evaporator is switched off. It decays to 540 C

in 20 seconds and takes an additional 6 minutes to decay to within 50C of

room temperature. This long decay time is due to the solid carbon base,

the rctal end caps and the stainless tubing which get quite hot when the

evaporator is on and cool slowly by transferring heat to the incoming air

af er the evaporator is switched off.

CAP PRDLUS CARBUN

CA P
WIRE SCREEN

Figure 12. Schematic of the Aerosol Evaporator.
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F. DATA ACQUISITION AND SIGNAL PROCESSING

The PbSe detector is operated in a standard ac coupled photo-

conductive mode. The detector signal is amplified and buffered to prvide

a low-impedance signal output, which is proportional to the incident light

intensity. To facilitate transmission of the ac signal through the

1000-foot shielded coaxial cable, a 6-volt dc pedestal is added to the

detector output. The transmitted signal is again ac coupled to remove the

6-volt bias and the resulting analog signal is shown In Figure 13. A

sequence of timing pulses is generated to trigger the a/d converter. The

timing pulses are generated using a circuit which outputs a pair of voltage

spikes by differentiating the detector signal. Both the time separation of

the two spikes and as the time delay of the first spike, relative to thle

signal leading edge, can be independently controlled. This enables the two

spikes to be precisely positioned on the signal curve, one at the maximum,

and the other at the minimum. Changes in the rotation rate of the filter

wheel will cause the timing pulses to occur at positions offset from the

maximum and minimum. This is why the rotation rate is controlled.

NITRDGEN FILTER HCI FILTER
e- CELL SIGNAL CELL SIGNAL

)Q_

_BLOCKED SOURCE
I

LJ

LD(4 I

ryo

--

TIME

Figure 13. Schematic of Analog Output and A/. Triggering Signals.
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The di;,itized si -nu] s are acquired, processed iin real - t i m , ari

cunveritc to an HCI concentration using FORTRAN-bas,1 software running on

an IBM--compatible PC. A ditfference is taken between each digitized maximum

anid the average of its adjacent digitize d baseline points. This produces

two signals, one designat ccl I. which corresponis to the nitrogen filter an,

is I he most sens it iye to HC I absorpt ion I n the samp i e ce II , and the other

designateu Ina whICih correspoiids to the HCl filter and is essentia Iy

nor1ahtsoi'bcoL by tht, HC! in the absorption path. A ratio of these signals is

c'Orv pl 1t I ,

a a ".1.1

IIla

w,.e e ti I f ferenc,! s I nai is norma ized to the nonabsorbing si gna. This

riormat'_ziror, mi lat.(Cs the effects of signal drifts causes by fluct Lations

it theC fv, opu(l t are ; ccuuiat ion of surface contami nat ion on the Whi to

' r rrors A!: ove a system ca Ii brat i on cons I art , r 0  is aetermineti by

nmeasur In' n t e ubove ,"ra lo w i thout HC i in the sample chamber The

i:uot"ntra I u([n 0 t I I s thflen re lated to a norma I Lized ral o,

-- , ( 2 )

wriere t hi s quant ity i.s equal to uni t.y for zero HCI concent ral ion and

approacies zero for large HCi concentrations. This ratio is actually the

averagre of t he ratios for a number of whee I rotat ions. The number of

rut at ons c.osor to be averaged is arbitrary and is selected by the user.

lypicailv, 100 wheel rotations are averaged which takes about 30 seconds

and corresponds to the rep)enishing time of the sample absorption volume.

In noternzining the HCI concenlration from the measured intensity ratio

i is convcnient, to work with the quantity

X -iIn 1 (3)

wi ci' i s proporI. ona l to the concentrat ion. In theory ( Ref crence 22)

c')ncrn u o't io can be re late(i to this quanti ity vi a

C AX A2X 2  (4
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where C is concent rat ion, ani A , A are coe!ficicnts (iuterm i te(b,

exper iment a c alt i brat ion. Higher--order terms can be- added i f ieemed

nec;essary. The effect ot temperature on the concentration (Icterminat i.o,

must a[so be incl nuau. Atmospheric tripenal nrc s can typical ly ra nge', t."ir

around O ( t0 i ri ng t he winter to as high as 500C on a0 Wo, stnn ,ta y ino the

oestr t Also, the aerosol evaporit or nii scharges gas into the samp i v

aits orpt ion reg on at around 118 0 C. The effect of t empe ratu re can Ie

emipiritl ly inclu'tutit in the expanison cocffici ent s thrtougji

W:I:e Co s t n ituo::ct r.at on eVa 1ita I ci atL the rut erence tempe!r' tlre, 'o,

anti ti 5 a ',ii tar is a xptuuic . t te.nir:era trwol motel rac'tl (t iOns of the

It)'r tur' va riat ion.

G. CALI3RAT:ON

The ca i arat ion coufficients were netermineti at room temperature,

Uing Kntown mix t ires of HC I in nit rogen wo i ch were prepared in a 1 Cm

Pathictth ci I. This 1 cm cell was then pos i tioile It the tx! t of the

siimrp ic aisorpll 1o cii and the intensity rat to (as in Eqiat ion (2)) was

{Ietprmini1. The equilval[ut concent ration in the sample path which won'.ii

r'esuit in this same intensity rat to won!" he 1,70'th (the ratio of path

I engt,hs) of toe coicent ration of the 1 im eil. BV vary rig t he

ccttieint rat ion of HCI i hn t he I cm ce I I a uarge range i"f equ i val ent I sam it!

crl I concentratitions were si mul ta . h'ie HU:I concent rat ion in the 1 'T ev!

was (let et"I I ned by easurin t I he spei"ti i .y reso lV I tltism it i i'ance !or at

o[ ack- ,oitiy ilight source , then us: ng a synthti c spectald model to mtich te

measured transmittance., An eXam pit! t[ the resui t of thiOs proceure is

sn:ow:i i1 - gure :4. The ca i i brat ri on curve was oet erm: te d 1n two sTpus .

Fir'sr tte inputs to tWe theoreticat motuel were varied trom their no,,ilal

va ulis to give a gonat .tit Fit the ctai }atit ion poi-nts. Then the theor( uttal

curve, witch was determ ied at a much f ii er grid spacing than tLhe

ca: :hrat ion points, was I it to a sixth-ortier polynomial expansion :i, X, as

in Equai;t ion (2). The rssu it tng cat ibratitn curve is shown n i'm' 15
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The much larger error bars on the two lowest concentration calibration

points reflect the fact that the concentration for these points could not

be directly measured. Because their transmittances were too close to unity

to yield a measurable absorption loss, the concentrations were estimated by

using the relative ailution factor established for the other higher

conrcentracion points. The overall accuracy of the calibration is estimated

to be approximately ± 20 percent.

te temperature correction exponent was determined by using a first-

principles model of the instrument detector output. This model was

verified to give good agreement with the experimentally determined room

temperature calibration curve and. therefore, can be used with confidence

to extrapolate the calibration curve to higher temperatures. Examples of

the temperature-dependent calibration curves over the full temperature

range of interest are shown in Figure 16. The temperature-dependence is

relatively smal l and is mostly due to the decrease in HCI density at

constant pressure as the temperature is increased.

CD

h-ii
U) a))

Cr)

CEi --- Predicted

Observed
LnI I I I

3.370 3.372 3.374 3.376 3.378 3.380

WVRVELENGTH Wo')

Figure 14. Comparison of Observed and Predicted Transmission of a
Blackbody Source Through an Equivalent Sample Path HCI
Concentration of 147 ppm.
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Figure 15. Room Temperature Calibration Curve.
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Figure 16. Temperature-Dependence of the Calibration Curve.
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An initial test of the instrument was performed using precalibrated

mixtures of HCI in nitrogen which were supplieu by Matheson. The results

are shown in Figure 17. The nominal concentrations for the two mixtures

were 1 and 10 ppm. We have found with previous HCl gas mixtures that the

concentration can change substantially and unpredictably over long perious

of time. The particular mixtures used were about 8 months old so that

exact agreerent with the nominal concentrations was not expected and the

actual results are quite reasonable. The initial measurement points up to

approximately 3 minutes were room air samples and indicate the measurement

noise for a 15-second measurement average. When the 61 ppm HCI sample was

initially turned on there was a large concentration spike. This was due to

outgassing from the regulator which had previously been used on a much

higher ICl concentration mixture. The concentration decayed rapidly when

the H;I sample was turned off at about 22 minutes. The effective

evacuation time for the sample absorption cell is around 1 minute which is

consistent with the pump throughput. TILa 10 ppm HCI mixture was turned on

at 27 minutes and an initial concentration spike was again observed due to

regulator outgassing.

Motheson HCI/N 2 Mixtures

E - 61 cnd I Fpm
CL

Q -

0

L

C

U0 4
L)

10 20 30 k0 50 60

Time (minutes)

Fiture 17. Measurement of Precalibrated Matheson IC1/N 2 Mixtures.
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H. OPERATION AND MAINTENANCE

Operation and maintenance instructions for the HCI monitor are brJt'ly

aescribeo in this section. Detailed instructions are given in Appencies

A-D. 'The Iolowing step-by-step directions are for set up and operat ion:

* The wooden shipping crate conta i ning the air
sampling/optical measurement and power supply moules is
placed in the area to be sampLed.

* After removing the crate top the aerosol heater ano heavy
outy extension coro are removeu.

* The extension tube for the aerosol heater is attached to
the air intake port on top of the optical module.

* The extens ion cord is connected to the crate fan anin
power supply power cords.

* Turn the switch for the main power, located on the power
supply front pane!, to the ON position. A green
indicator light wiil turn on.

e Turn the switch for the aerosol heater, also locatea on
the front panei, to ON. A red indicator light will turn
on. The aerosol heater and pump can be controlled
renoteiy from the computer terminal.

* The coaxial signal cable is attached to the front panel
ol the power supply module.

0 The crate top may now be replaced. Pull the two wire
cora for the aerosol healer through the opening in the
crate top.

* The aerosol heater is attached to the extension tube.
This is a SwageLok fitting and should not be excessively
I ghtenid.

* The electrical connection to the aerosol heater is made
with the polarized two pin connector pulled through the
hole in the crate top.

This copletes the set up of the sampling unit. The control unit 7.ay

be remotely located from this module. its set up is as 'ollows:

* The other end of the coaxiaJ cable is connected to the
remotf-ly locateu PC.
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VS 'he hC I program diskette is loaded into either disk drive
ano the comiputer is then turned on.

0 After the computer operating system is loaded, it takes
about a minute, a prompt, :, will appear on the screen.

0 The HCI monitor is then activated by typing "hcl"(ignore

quotes) after the prompt.

0 A series of questions concerning date file names, data
averaging and measurement time period are then answered
by the user.

* The results of the measurement are displayed in real time
on the screen in the form of a graph of concentration, in
units of ppm, versus time.

* The measure(l data is also placed in a user designated
file which can he written to a diskette for permanent
storage.

Tie only routine maintenance required is to check and, it necessary,

to clean the White cell mirrors after each field measurement program.

Spec ific instructions for dioing this are given in Appendix C. Procedures

for changing the calibration constants, replacing the White cell mirrors,

real igruiing the optical system, and adjusting the electronic control

circuits are fully detailed in Appendices A-D.
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SECTION H

CONCLUSIONS

SSI has successfully developed and tested a novel HC1 monitor capable

of detecting HCI in both vapor and aerosol phases. An innovative HCl

molecular line lamp is used as the light source enabling selective and

sensitive detection of HCl. A lower detection limit of 0.1 ppm HCL has

been demonstrated with the prototype HEC monitor. The monitor has been

uelivered to AFESC for use in an ongoing program of monitoring solid

propellant firings at several Air Force test and launch facilities.
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APPENDIX A

INSTRUMENT PERFORMANCE MODEL

The detected signal can be expressed by

Omax

Wmin

where ca(cm -1 ) is wavenumber, T is transmission for the band-pass filter,

subscript "f," for the sample cell, subscript "s," for the gas filter cell,

subscript "c," for the emission lamp, subscript "1," and for the quartz

cell bubble window, subscript "w," and N(c,Tl)(W/sr/cm2 /cm-1 ) is the

black-bo(ty function evaluated at the lamp temperature, T1 . There are

frequency independent multiplicative factors such as the collection solid

angle which are required to convert the quantity in Equation (A.1) into a

quantitative signal level. However, these factors cancel out when signal

ratios are used to determine the concentration of the absorbing species in

the sample cell. The black-body function is computed from

ci3

rexp(c2(/Tl)-l)

where cj(3.7405x10 -1 2 ) and c2 (l.43879) are the first and second radiation

constants.

In general, the transmission function for a gaseous absorber can be

determined from

T = exp(-cplk(G,T)) , (A.3)

where c is the mole fraction of the absorbing gas, p (atm) is the total

pressure, I (cm) is the path length, and k (cm-1 atm -1 ) is the frequency

ard temperature-dependent spectral absorption coefficient. The absorption

co2fficient for a single molecular line is given by
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kij . T) = -2 (A.4)
ffTj (c.)-L)J) 2 ±Tj 2

where Si(cm - 2 atm - 1 ) is the integrated line strength for the jth line,

Tj(cm-1 ) is the line width, and cj(cm- 1 ) is the line center location. The

total absorption coefficient is found by summing over all the ks's that

contribute to the filter band pass region, and this is the k(ca) that is

used in Equation (A.3).

The line width depends on both temperature and pressure and is

calculated from

To

= "TjfP-4TO/T + o 0 , (A.5)

where T is the foreign gas broadening line width, To is the self-

broadening line width, and To(K) is a reference temperature (taken to be at

273 K for the HCI lines). For HCI the line broadening coefficients depend

on the particular rotational level associated with the transition and can

be approximated by

Yo0f= 0.097-7.55xlO- 3 j , and (A.6)

yo = 0.15-0.015j , (A.7)
is

where j is the rotational quantum number of the lower level involved in the

transition, Yf is set equal to 0.014 cm- 1 for values of J greater than 11,

and To is set equal to zero for j greater than 10.
is

The line strength depends on the temperature and is computed from

Sm = (A 8)m~f
Qoqr(,rlqv(f) exp(-c 2Bo(m-1)m)/T}{l-exp(-c 2o./T) (A.8)

where So is the total integrated band strength, m = J+l in the R branch and

m = -j in the P branch, Lo is the band origin, (m) denotes the absolute

value of m, im is the transition frequency of the mnth line, fm is the
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Herman-Wallis intensity correction factor, qr is the rotational partition

function, qv is the vibrational partition function, and Bo(10.6 cm-1 for

HCI) is the ground state rotational constant. The partition functions are

given by

T
qr(T) = T2. and (A.9)

1
qv(T) = l~x(C /)(A.10)

The Herman-Wallis factor is given by

fm = 1.-0.025m (A.11)

The transition frequencies are determined from

°M = Co + alm - a2m
2 - a3 m

3  , (A.12)

where the expansion coefficients(al,a 2 ,a3 ) and the band center location,

(o, are different for each isotope of HCI. These values are tabulated

below.

Go a, a2  a3

H3 5Ct 2886.04 20.5725 0.3072 2.13x10 3

H37C, 2883.92 20.5425 0.3065 2.13x10 3

The integrated line strength for HCI is 155 cm- 2 atm - 1 however befo,'e using

it in Equation (A.8) it must be adjusted to account for the isotopic

abundances. Thus for H3 7 C1 use So = 38.8 and for H3 5 CI use So = 116.2.

The transmission of the quartz bubble window is given by

Tw  = epx(-xw) , (A.13)

where xw is the optical opacity of the window(typically xw=0.02).
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The detected signal given in Equation (A.1) is dt-tirmined for four

sets of conditions: (1) no HCl in the sample absorption path and the

nitrogen containing filter cell in the beam path, designated 1a, (2) no HC
a

in the sample path and the Bel filter cell in the beam path, 1 °a. (3) HCI

in the sample path and the nitrogen filter cell in the beam path, Ia , and

(4) HC in the sample path and the HCl filter cell in the beam path, Ina,

The first two signals are used to compute the zero calibration constant via

= - /io  (A.14)ro ={a- na na

In general, this calibration constant depends on the temperatures, BC

concentrations, total pressures, and path lengths of both the BC lamp and

the filter cells. However, for a given instrument all these factors are

held constant except for the temperature of the filter cells whose

temperature is determined by convective cooling of the optics can.

Variations in the ambient temperature will then lead to variations in the

filter cell temperature. This is why the zero calibration constant must be

determined in real time, just prior to an BC release. A 100 C temperature

variation will lead to approximately a 1 percent shift in the calibration

constant and would produce about a 0.7 ppm HCI concentration offset in the

calibeation curve.

The HCI concentration in the sample absorption path is related to a

measured sig. al ratio, modeled by

R = r_ , where (A.15)
r
o

r .

(A.16)
Ina

In constructing a calibration curve, it is convenient to work with the

quantity

X = -nR , (A.17)
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which is proportional to the HC1 concentration. A theoretical calibration

curve can be constructed simply by computing X as a function of the HCI

concentration, C, in the sample absorption path. The resulting curve can

be fit with a simple polynomial expansion

C = AIX + A 2X
2 + A 3 X

3 + ... I (A.18)

where the number of expansion terms depends on the desired accuracy of the

fit (typically up to X 6 is required for the current application). The

calibration curve is temperature dependent and this can be simply

incorporated into the via

C T , (A.19)

where C. is the concentration evaluated at the i erence temperature T o and

a is a scaling exponent determined from model predictions of the

temperature variation. For this application c = 3/4 was found to yield

good approximation to the temperature dependence.
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APPENDIX B

HCL MONITOR SOFTWARE

The HCI monitor is a mi crocomputer- interfaceod instrument wose

so i.ware is aescribeu in this sect.on. As was meni ollned prevo1s Ly inl the

eiectronics section, two signats enter the UATA TRANSLAT[ONS anaiog to

aigital board. The first signal is the amplifieu output Of the PbSt

detector Figure B.la. The second signal is a clock pulse derived trom the

first signai which tells the A/) hoard when to read Figure B.lb. Two tiles

are supplied with the disk, "hci.exe" and "cajib". The late r file is the J

ppm HCI calibration constant reaa by hc1.exe. This constant is updatedi

each time a calibration run is performed. The former file is the actual

HCI monitor data collection calibration, and analysis program. A flowchart

for this program is shown in Figure B.2.

Upon entering the program a oisplay --lentifying the program is

flashed to the screen for 3 seconds. Then the user is asked whether or not

a calibration run is to be performed and for how long. 11 is auvisabIe to

pertorm an instrument calibration run for at least 1/2 hour (after the

instrument warmup period) before collecting data. This procedure ensures

that the appropriat e U ppm HCI calibration constant will be used in

(etermJning the HUI concentrations to be later measured. The ca l ibrat ion

procedure should be performed whi- ih-ire is no HCI present. If there is

sorime smut] (a few pp.m) HCI concentration present during cai bration then

the subsequent measur ing period may report re tat ive HC I concent ration anil

iot abso tuLe coincen rat ion. The cal ibration constant is stored in the t ile

" iii. " at the end of the procedure fur later recall ourinug a meiisure.:ent

run.

'o i owing the cal brat (lo of the instrument , a ieasuiriement run carn

be perf'o:ed . After selecting the number ut wheir i t urns to average, the

use!' LS PrUMltC,:'( for the name of the storage f I le and the lurat ion ot Ihe

r"11 1. . s slgges ted that data f i les be stored on a separate ft oppy Io

pI'ot ect ag ainst exceeding disk space on the program uli sk |and hence i os ,

tie (tata. The program opens the data fi]e and stores som iser siippIeu

header iritoria tion tn it. Then a graphic oispiay of HU I conceni.ral ion
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Ve "si ts I 'R: ' ')5 1 01 t ht" sUrCeell. rhe pt.-Flrl~i (lil La !i:' iUct I Oft alil arldaj yS I:;

*C :UtrS !i i t he sunrout ! i a "ntl i ( i . " Essent i a Iy thii IS rotit i e t ikes t he

(I 1 t e elce , et weerI t!e Earge peak s ant the sina i 1 peaks ot F L1 re B . 1 a Lh ri

1 : c, 6 I the sma i I peaks. These are then h avcrage,(,u( ()-V'er 1he, wilee I t urns

1t r'e1): I hacK t the lI:a l1 pr'or'iam as tthe riegat 1ye toLgar thm o! :h ,

qi t V ie ma I % progr-am t.eri r e aIle es this o;,ar t '. to the iC

:o: ' L! oi ll s i !jg a cat orat, ion Curve. Dur, ng the aiciu 1is t 1o1 ;1l1t1

arI i c s s the ( mre, co.icert,,r. i o ) po i nt s are d i Sp i ayeii oii the s(rcerl ano

ou t to the data fi I e . At. the en of* acqu ISt i otir the I I' e iS c Iose(d l.ld
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SOURCF CODE FOR IICI PROGRX11

c. ... Sunroutine to analyze the voltage array A from the main

c. ... HCi program. The major result is d returned value of X

c. ... which is related to the HCl concentration in ppm. If full

c ... output is requested, as in a calibration run, then a number

c. ... intermediate results are displayed to the screen.

C

subroutine anaI0l(flag,n,rO,Rtot,X,A)

C

c. ... A(i,j) =Array containing the voltage measurements of all

c. ... of the wheel turns

c. ... Ared(i) = peak-null voltage ot first peak

c... Bred(i) = peak-null voltage of second peak

c ... Cred~i) =peak-null voltage of third peak

c. .. Ored(i) =peak-null voltage of fourth peak

c .. . Diffl(i)= (1st peak - 2nd peak difference)/8red

c. .. Diff2(i) (3rd peak - 4th peak Qifference)/Ored

c. ... R~i) = Cl ratio for a single wheel turn

c. ... sigma(i)= standard deviation of ave(i)

c. .. ave(i) = average of the eioht measurements, Ared, Bred, Cred, Ored

c. ... Oitfl, and Diff2 over the number of wheel turns

c. .. Rtot = HC1 ratio

c. ... X =-ln(Ratio) related to HCl concentration

c. ... n = number of wheel turns

c. .. rO = HC1 ratio in the absence of HCl

real*4 A(8,401),Ared(4OQ),Bred(400),Cred(400)

real*4 Dred(4OO),Ditff(4OQ),Diff2(4OO),R(4OO)

reaI*4 sigma(14),ave(14),Rtot,X

character flag,1l

it.o.faCq''o~la~q''o~lge.n

1 cor.faq.eq.'N)) then
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print *,'Input error to anall'

print *,'Flag must equal "Y' or WN, input flag'

stop

end if

Rtot 0.0

do 10 j=l,n

Ared(j) = A(2,j) - 0.54(A(l,j) + (,)

Bred(j) =A(4,j) - O.5* (A(3,j) + A(5,j))

Cred(j) = A(6,j) - 0.54(A(5,j) + A(7,j))

Ored(j) =A(8,j) - 0.5*(A(7,j) + A(1,(j+1)))

Ditfl(j) =(A(2,j) - A(4,j))/Bred(j)

Diff2(j) = (A(6,j) - A(8,j))/Dred(j)

R(j) =(A(2,j)+A(6,j)-A(4,j)-A(8,j))/(Bred(j)+Ored(j))

Rtot =Rtot +R(j)

10 continue

Rtot = Rtot/(rO*float(n))

it(Rtot.le.O.0) then

X =5.0

else

X -alog(Rtot)

end if

C

do 100 i=1,8

avehi)-0.0

do 50 j=1,n

ave(i)=ave(i)tA(i ,j)

50 continue

100 continue

c

ave(9)= 0.0

aveC 10)=O.0

ave(l1)=0.O

ave( 1?)=O.O

ave(13)0D.0

ave( 14)=0.0
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do 110 jz1,n

ave(9) =ave(9) + Ared(j)

ave(10) zave(ID) + 8red(j)

ave(11) = ave(l1) + Cred(j)

ave(12) zave(12) + Dred(j)

ave(13) =ave(13)i + Diffl(j)

ave(14) =ave(14) + Diff2(j)

110 continue

C

do 200 i=1,8

ave(i)=ave(i)/float(n)

sigma(i)=O.0

do 150 j:1,n

sigina(i)=sigma(i )+(A(l ,J)-ave(1 ))**2

150 continue

200 continue

ave(9)zave(g)/float(n)

ave( 10)=ave(10)/float(n)

ave(ll)=ave(l1)/float(n)

ave(12)=ave(12)/float(n)

ave(13)=ave(13)/float(n)

ave(14)=ave(14)/float(n)

sigrna(9)=0.0

sigma(10)=0.O

sigma(l1)=0.0

sigma(12)=0.0

sigma( 13)=O.Q

sigma(14)0O.0

do 250 j:1,n.

sigma(9)=sigma(9)+(Ared(j)-aveC9))**2

sigmaC 10)=sigma(10)+(8red(j)-ave(10))**2

sigma(ll)=sigma(ll)+(Cred(j)-ave(ll))**2
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sigma( 12)=sigma(12)+(Ored(J)-ave(12))**2

sigma(1'3):sigma(13)+(Diff1(J)-ave(13))**2

sigma(14)=sigma(14)+(Diff2(j)-ave(14))**2

250 continue

c

do 270 i=9,14

270 continue

if(flag.eq.'Y'.or.flag.eq.'y') then

C

write(6,*)'

write(6,*)Y

write(6,*)'****** Statistics concerning raw data

write(6,*)'

write(6,111)

ill forniat(llx, 'l',8x, '2',8x,'3',8x,'4',8x, '5',Bx,'6',8x,'7',8x, '8')

write(6,1) (ave(i),i:1.8)

1 format(lx,'ave',3x,F8.5,7(1X,F8.5))

w rite(6,2) (sigma(i),i:,8)
2 format(lx,'sigma',lx,F8.5,7(lX,F8.5))

write(6,*)'

write(6,*)'

w rite(6,44)
44 format(1x,'****** Statistics concerning four peaks',

1V and difference ratios $$*'

write(6,1)'

write(6, 112)

112 format(lx,9x,'Peakl',7x,'Peak2',7x,'Peak3',7x,'Peak4',

1 7x,'Diffl',7x,'Diff2')

113 format(lx,'ave',3x,F8.5,5(4x,F8.5))

write(6,3) (sigma(i),P=9,14)

3 format(lx,'sigma',lx,F8.5,5(4x,F8.5))
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c

write(6,*)'

write(6,*)'The sm~aller difference ratio average is',

1 arinl(ave(13),ave(14))

write(6,*)'The larger difference ratio average is',

1 amaxl(ave(13),ave(14))

endif

temnl=(ave( 13)+ave(14))/2.0

if(flag.eq.'Y'.or.flag.eq. Iy') then

write(6,*)'The average of averages is',teml

endif

ter2=arax(ave(13),ave(14))

tem3z(ave(13)+ave( 14))/2.0

return

end

interface to subroutine gdate (x)

inteqer*4 x

end

c

subroutine getdat~month,day,year)

C

c Routine to get the date through an MS-DOS int21H

c function call

C

integer*4 year,month,day,date

C

call gdate(date)

c

year =iand(date,164FFFFOOOO)/16210OOO

month =iand~date,16#FFOO)/1641OO

day = iand(date,164FF)

c

return

end
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interface to subroutine gtime (x)

integer*4 x

end

C

subroutine gettim(hours,minute,second,hundre)

C

c Routine to get the time of day through an MS-DOS int21H

c function call

C

integer*4 hours,minute,second,hundre,time

C

call gtime(time)

C

hours iand(time,16UFFO000D)/1641Q000000

minute =iand(time,164FF0000)/16410000

second iand(time,164FFOO)/164100

hundre iand(time,16#FF)

c

c print 101,hours,rninute,second,hundre

101 format(lx,i2, ': 12,':' .12,'.',i2)

return

end

interface to subroutine pltgr [c] (x)

integer*4 x [near, reference]

end

interface to subroutine pltpts [c] (x,y,z)

real*4 x [near, reference)

real*4 y [near, reference]

integer*4 z [near, reference]

end

interface to subroutine rscrn [c]

end

39



interface to subroutine eschit [c) (x)

integer*4 x [near, reference)

end

c

c.. rhis is the main program unit for the SSI HCI monitor

c

program hcl

C

real*4 A(8,401),tinit,tfinal,etim,cppm

real*4 rO,rOa,T

integer*4 Yval(3208),numavengain,lent,mtype,heat

integer*4 hrs,min,sec,hun,hkey,ncal

character flag*lfilnam*14

c

c... A(ij) = Array in which the measured voltages are stored

c... Yval(i) = Array which contains the integers of the A/D conversions

c.. tinit = Initial time

c... tfinal = Final time

c.. etim = Elapsed time

c.. cppm = HCl concentration in ppm

c.. rO = Measured ratio in the absence of HCI

c.. rOa = Dummy variable used in calibration

c.. T = Ambient temperature in Celsius

c.. numave = Number of wheel turns to average

c.. ngain = Gain for which the A/D board is set

c... lent = Length of time for measurement in minutes

c.. mtype = Measurement type, calibration(O) or HCl determination(l)

c ... heat = Aerosol heater on(1) or off(O)

c... hrs = Hours

c... min = Yinutes

-.. sec = Seconds

c... hun = Hundredths of seconds

c... hkey = Value is 27 is escape key hit, 0 otherwise
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c... ncal = Increment for calibrtion measurement

c... tilnam = File name in which to store measurements

C

c

c... conc is the function which relates the In of the measured

c... ratio and the ambient temperature to the HCl concentration

c... in ppm

c

conc(T,X) = ((273.0+T)/295.0)**O.75*(95.08*X + 20.59*X*X +

& 19.65*x**3 - 1.893*X**4 + 0.3074*X**5 + 0.2290*X**6)

c

c... hclscr sets up the initial screen and holds it for 3 seconds

c

call hclscr(3.0)

c

c... rdparm is the subroutine which reads all of the user input and

c... relays the information back to the main program

c

call rdparm(numave,ngain,factor,lent,filnam,rO,mtype,heat,T)

c

c... If mtype=l then do an HCl measurement

c

if(mtype.eq.1) then

c

c

c

call gettim(hrs,min,sec,hun)

tinit = 3600*hrs + 60*min + sec + hun/100

c

c... pltgr is the subroutine which sets up the graphics screen

c

call pltgr(lent)

c

c... stpclr, setad, and rdAtoD set up and read the A/0 board

c

41



10 call stpclr

call setad(ngain,8*numave+7,0,0)

call rdAtoD(8~nurave+7,'e','i',Yval)

C

c ... sorter sorts Yva) according to tne proceaurb outlined in dpndix a

c ... of the final report

C

call sorter(numave,Yval)

C

c ... convert Yval to volts array A

C

do 100 i z 1,numave+1

c

dc !4 i = 1,8

A(ij) =((20.0 * YvaI(b,(j-1)+i)/4096.0) - 10.0)/factor

44 continue

c

100 continue

c

c... analyze the array A for the In of the average ratio X

C

call anal~l('n' ,nurave,r0,Rtot,X,A)

call gettim(hrs,min,sec,hun)

tfinal =3600*hrs + 60*min + sec + hun/100

etim = (tfinal-tinit)/60.0

if(X.ge.5.0) then

cppm =10000.0

else

cppm =conc(T,X)

end if

c

c. ... plot the HCl concentration and store in filnarn

c

call pltpts~etim,cppm,lent)

write(20,*) etim,cppm
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c

c... check if measurement time is completed or the escape key is hit

c... if yes close filnam and clear and reset screen to text mode

c... if no continue taking data

c

if(etim.ge.float(lent)) then

close(unit=20)

call rscrn

stop

else

call eschit(hkey)

if(hkey.eq.27) then

close(unit=20)

call rscrn

stop

else

goto IG

endit

endif

c

c

c

endif

c

c

c... If mtype=O then do a calibration measurement

c

if(mtype.eq.O) then

c

c

c

rOa = 0.0

rO= 1.0

ncal=1
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print *,'Calibration step'

print ,

call gettim(hrs,rnin,sec,hun)

iit 36Q011hi. + Wmin + sec + hun/lOD

c... stpclr, setad, and rdAtoD set up and read the A/D board

20 call stpclr

call setad(ngain,8flumlave+7,0,O)

call rdAtoO(84numave+7,2e','i',Yval)

C

c .. . sorter sorts Yval accooding to the procedure outlined in appendix B

c. ... of the final report

c

call sorter(nurnave,Yval)

C

c... convert Yval to volts array A

c

do 200 i l~numave+1

c

do 24 i =1,8

A(ij) =((20.0 * Yval(8*(j-1)+i)/409
6.O) -10.0)/factor

24 continue

234 format(1x8f9.4)

c

200 continue

c

c. .. analyze the array A for the ln of the averaoe ratio X

c

call anal01('y,numave,rO,Rtot,X.A)

call gettirn(hrs,niin,sec,hun)

ttinal =3600*hrs + 60*rnin + sec + hun/1OG

etim =(tfinal-tinit)/60.0
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write(20,*) etim,X

c

c ... take runnig average of new rO

C

rOa =r~a + exp(-X)

ncalncal~l

C

c ... check if measurement time is completed or the escape key is hit

c ... if yes close filnam, store new rO in file calib,

c ... and clear and reset screen to text m~ode

c... if no continue taking data

c

c

if(etim.ge.float(lent).or.ncal.gt.500) then

close(unit=20)

r~a =rOa/float(ncal-1)

rewind(unit=15)

write(15,*) rOa

close(unit=15)

call rscrn

stop

else

call eschit(hkey)

if(hkey.eq.27) then

close(unit=20)

rOa =rOa/float(ncal-l)

rewind(unit=15)

write(15,*) rOa

close(unit=15)

call rscrn



stop

else

goto 20

endif

endif

c

c

c

endif

C

c

C

1000 stop

end

interface to subroutine cls

end

interface to subroutine pstrng (x)

character x*81

end

subroutine hclscr(second)

c

c .. This subroutine clears the screen and prints the SSI

c ... copyright information and leaves it up for the number

c ... of seconds specified. Then the screen is cleared

c ... once more.

c

integer*4 i

real4 second

character c*81,strl*40,str2*40

C

call cls

c write(6,'(lx,80(IH*))')

c(1:40)=strl

46



c(41 :8Q)zstr1

call psrrng(c)

strl='*

str2=:

c(4 I 8D)=str2

c(81 :81)'$'

do 10 i=1,8

call pstrng(c)

10 continue

strl='* HCi MO'

str2='NITOR

cCI :40)=strl

c(41 :80)=str2

call pstrng(c)

strl1 *

str2=.'

c(1 :40):strl

c(41 :80)=str2

c(81:81)='$'

do 20 i=1,3

c write(6,'(lx,1H*,76(1H ),1H*)')

call pstrng(c)

20 continue

c write(6,'(1x,1H*,19(rl ),40Hcopyiright 1988, Spectral Sciences, Inc.,

c & 19(IH ),lH*)')

strl='*copyright 1988, Spe'

str2='ctral Sciences, Inc.

c(1 :40)=strl

c(41 :8Q)=str2
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call pstrng(c)

strl=,,

str2='

c(1:40)=strl

c(41:80)=str2

c(81:81)='$'

do 30 i=1,9

c write(6,'(lx,1H*,78(IH ),IH*)')

call pstrng(c)

30 continue

c write(6,'(Ix,80(IH)) ')

c(l:40)=strl

c(41:80)=strl

c(81:81)='$'

call pstrng(c)

call twait(second)

call cls

return

end

interface to subroutine inplb (a,b)

integer*2 a,b

end

interface to subroutine outlb (a,b)

integer*2 a,b

end

SUBROUTINE RdAtoD(nreads,ieclk,ietrig,Yval)

c

c...FORTRAN routine to read the 0T-2401 board following A/D setup with

c...'setup'. The inputs are: number of conversions, flag(i,e) for internal

c...or external clock, and flag(i,e) for internal or external trigger.

c...The output is an array of A/D conversions

c

C
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C

C BSAORS = Base Address

C CMOREG = Command Register

C CMDWAI =Command Wait

C DATREG =Data Register

C RDWAI = Read Wait

C STAREG =Status Register

C WRIWAI Write Wait

C AOL =Array to hold low Byte of data

C ADH =Array to hold high Byte of data

C EXTCLK =External Clock code

C EXTRIG =External Trigger code

C

integer*4 nreads

integer*4 Yval(3208)

character iec'lk*1,ietrig*l

C

INTEGER*2 BSAORS,CMDREG,STAREG,DATREG,CMDWAI ,WRTWAI

INTEGER*2 RDWAI,CSTOP,STATUS,EXTRIG,ERROR1,ERRQR2

INTEGER*2 CRAD,ADL(4008),ADH(4008),EXTCLK,COMAND

C

C

10 BSADRS = 748

CMOREG = BSAORS + 1

STAREG =BSADRS + 1

DATREG = BSADRS

CMDWAI = 4

WRTWA] 2

RDWAI =5

C

C

CSTOP = 15,

CRAD =14

EXTCLK =64

EXTRIG = 128
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C

C

C Check for legal Status Register value.

C

CALL INPLB(STAREG,STATUS)

C

c

IF (.NOT.((IAND(STATUS,112)).EQ.O)) GO TO 98

C

C

COMANO = 0

if(ieclk.EQ.'E'.OR.ieclk.EQ.'e') COMAND=COMAND+EXTCLK

if(ietrig.EQ.'E'.OR.ietrig.EQ.'e') COMAND=COMAND+EXTRIG

C

comand =crad + comand

call WAIT(STAREGCMDWAI,O)

call OUTLB(CMDREG,comand)

C

DO 222 LOOP =1,nreads

CALL WAIT(STAREG,ROWAJ,O)

CALL INPL8(DATREG,AOL(LOOP))

CALL WAIT(STAREG,ROWAZ,O)

CALL INPLB(OATREG,ADH(LOOP))

222 CONTINUE

C

C Check for ERROR.

C

CALL WAIT(STAREG,CMDWAI,O)

CALL INPLB(STAREG,STATUS)

C

c I added this line in order to ignore the high 4 bits

c

c

STATUS =IANO(STATUS,15)

c
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IF(IAND(STATUS,128).NE.0) GOTO 94

C

DO 333 LOOP 1,nreads

Yval(LOOP) ADH(LOOP)*256 + ADL(LOOP)

if(Yval(LOOP).GT.32767) Yval(LOOP) zYval(LOOP) -65536

333 CONTINUE

C

69 continue

c WRITE(*,*)'

c WRITE(*,*)'

c WRITE(*,*) READ A/D Operation Complete'

GOTO 102

C

C Fatal board error.

C

94 WRITE(*,*)

WRITE(*,*) 'FATAL BOARD ERROR'

WRITE(6,2) STATUS

2 FORMAT(lX,'STATUS REGISTER VALUE IS ',12,' DECIMAL-)

WRITE(*,*)'

CALL SR9600(CMDREG,STAREG.DATREGCMDWAI ,RDWAI,

-CSTOPCERROR,ERROR1 ,ERROR2)

WRITE(*,*) 'ERROR REGISTER VtC.JES ARE:'

WRITE(6,3) ERROR1

3 FORMAT(1X,' BYTE 1 - ',12,' DECIMAL')

WRITE(6,4) ERROR2

4 FORMAT(1X,' BYTE 2 - ',12,' DECIMAL')

GOTO 102

C

C Illegal Status Register.

C

98 WRITE(*,*)'

WRITE(*,*) 'FAfkL ERROR - ILLEGAL STATUS REGISTER VALUE'

WRITE(6,5) STATUS
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FORMAT(lX,'STATUS REGISTER VALUE IS ',12,' DECIMAL')

write(*,f)'failure in "rdAtoD"'

C

102 RETURN

END

interface to subroutine inplb (a,b)

integer*4 a,b

end

interface to subroutine outlb (a,b)

integer*4 a,b

end

subroutine setad(GNCODE,NUMCNV,SRTCHN,ENDCHN)

C

integer*4 STAREG,STATUS,CMDWAI,CMDREG,CSAD,WRTWAI

integer*4 DATREG,GNCODE,SRTCHN,ENDCHN,BSADRS

integer*4 NUML,NUMH,NUMCNV

C

c... FORTRAN routine to set the DT-2401 board for the proper A/D gain,

c...number of conversions, start channel, and end channel. To be called

c...following 'stpclr"

c

C

C

C BSADRS = Base Address

C CMDREG = Command Register

C CMDWAI = Command Wait

C OATREG = Data Register

C STAREG = Status Register

C WRTWAI = Write Wait

C GNCOOE = Gain Code

C

C

10 BSAORS = 748

CMDREG = BSADRS + 1
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STAREG z BSADRS + 1

DATREG z8SADRS

CMDWAI z 4

WRTWAI z 2

C

C

CSAD - 13

C

C

C Check for legal Status Register value.

C

CALL INPLB(STAREG,STATUS)

c

C

IF (.NOT.((IAND(STATUS,112)).EQ.O)) GO TO 98

C

C Do a SET A/D PARAMETERS command to set up the A/D converter.

C Write SET A/D PARAMETERS command.

C

CALL WAIT(STAREG,CMDWAI,O)

CALL OUTLB(CMDREG,CSAD)

C

C Write A/D gain byte.

C

CALL WAIT(STAREG,WRTWAI,WRTWAI)

CALL OUTLB(DATREG,GNCODE)

C

C Write A/D start channel byte.

C

CALL WAIT(STAREG,WRTWAI,WRTWAI)

CALL OUTLB(DATREG,SRTCHN)

C

C Write A/D end channel byte.

C

CALL WAIT(STAREG,WRTWAI,WRTWAI)
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CALL OUTLB(DATREG,ENDCHN)

C

C Nrite high and low bytes of NCONVERSIONS4.

C

NUMH = INT(NUMCNV/256)

NUML = NUMCNV - NUMH * 256

CALL WAIT(STAREG,WRTWAI,WRTWAI)

CALL OUTLB(DATREG,NUML)

CALL WAIT(STAREG,WRTWAI,WRTWAI)

CALL OUTLB(DATREG,NUMH)

C

c write(*,*)'

c write(*,*)'SET A/D PARAMETERS completed'

goto 102

98 WRITE(*.*)

WRITE(*,*) 'FATAL ERROR - ILLEGAL STATUS REGISTER VALUE'

WRITE(6,5) STATUS

5 FORMAT(IX,'STATUS REGISTER VALUE IS ',12,' OECIMAL')

write(*,*)'faflure in "setad"

C

102 return

end

subroutine sorter(n,Y)

c

c...FORTRAN routine to sort the data read from the DT-2401 board so

c...that the first point is a baseline, the second is the first large

c...maximum, the third is a baseline, the fourth is the first small

c...maximum, then a repetition for up to the number of wheel turns

c...specified.

c

c

integer*4 n,.Y(3208),dum,ndum, idum,mdum

c

dum = max(Y(1),Y(2),Y(3),Y(4),Y(5),Y(6),Y(7))

c
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mdum z-32767

do 10 i=1,7

if(Y(i).EQ.dun) then

ndum =j

goto 11

end if

10 continue

C

11 do 12 i=1,7

it(i.NE.ndum) mdum =max(mdum,Y(i))

12 continue

C

do 13 i=1,7

it(Y(i).EQ.mdum.AND.i.NE.ndum) then

kdum =i

goto 14

end if

13 continue

C

14 if(ndum.GE.2) then

do 20 i=1,8*n+l

YMi = Y(i+nduD-2)

20 continue

return

c

else

if(kdum.GE.2) then

do 30 i=1,8*n+1

Y(i) =Y(i+kdum-2)

30 continue

return

c

else

rit(**)'**error in subroutine sorter "

stop
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end if

end it

c

return

end

interface to subroutine inplb (a~b)

inteqer*4 a,b

end

interface to subroutine outlb (ab)

integer*4 a,b

end

SUBROUTINE SR9600(CMOREG,STAREG,DATREG,CMWAI,RDWAI,

-CSTOP,CERRORERROR1oERROR2)

c This part should be separated into a separate subroutine

c

c.. .FORTRAN routine to read messages from the DT-2401 board

c

INTEGER*4 CMDREG,STAREGOATREG,CMDWAI,ROWAI

INTEGER*4 CSTOP,CERRORTEMP,ERROR1,ERROR2

C Read the Error Register.

C

CALL OUTLB(CMDREGCSTOP)

CALL INPLB(DATREG,TEMP)

C

CALL WAIT(STAREG,CMDWAIO)

CALL OUTLB(CMDREG,CERROR)

C

CALL WAIT(STAREG,RDWAI,O)

CALL INPLB(DATREG,ERRORI)

C

CALL WAIT(STAREG,ROWAI,O)

CALL INPLB(DATREGERROR2)

C

RETURN
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END

interface to subroutine inplb (a,b)

integer*4 a,b

end

interface to subroutine outlb (a,b)

integer*4 a,b

end

SUBROUTINE stpclr

c

c...FORTRAN routine to stop and clear the DT-2401 board

c

C

C

C BSAORS = Base Address

C CMDREG = Command Register

CMDWAI = Command Wait

C DATREG = Data Register

C STAREG = Status Register

C

C

INTEGER*4 BSADRS,CMDREG,STAREG,DATREG,CMDWAI

INTEGER*4 TEMP,CCLEAR,CSTOP,STATUS

C

BSADRS = 748

CMDREG = BSADRS + 1

STAREG = BSADRS + 1

DATREG = 8SADRS

CMDWAI = 4

C

C

CCLEAR = I

CSTOP = 15

C

C Check for legal Status Register.
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C

CALL INPLB(STAREG,STATUS)

c

c

IF(.NOT.((IAND(STATUS,112)).EQ.0)) GOTO 98

C

C

C Stop and clear DT2801.

C

CALL OUTLB(CMDREG,CSTOP)

CALL INPLB(OATREG,TEMP)

C

CALL WAIT(STAREG,CMDWAI,O)

CALL OUTLB(CMDREG,CCLEAR)

C

c write(*,*)'STOP and CLEAR completed'

goto 102

C

C Illegal Status Register.

C

g8 WRITE(#,*)'

WRITE(*,*) 'FATAL ERROR - ILLEGAL STATUS REGISTER VALUE'

WRITE(6,2) STATUS

2 FORMAT(lX,'THE VALUE OF STATUS IS ',12,' DECIMAL')

C

102 RETURN

END

subroutine twait(s)

c

c...FORTRAN routine to wait a certain amount of time (sec) then procede

c

c

real*4 s,tinit,tfinal

integer*4 i,nihrs,imin,isec,ihun

c
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call gettim(ihrs,iminisec,ihun)

tinit = float(3600*ihrs + 60*imin + isec + 0.01*ihun)

10 call gettim(ihrs,imin,isecihun)

tfinal = float(3600gihrs + 60*imin + isec + 0.01*ihun)

if((tfinal-tinic).lt.s) goto 10

return

end

interface to subroutine inplb (a,b)

integer*4 a,b

end

subroutine wait(addresn,m)

c

c... FORTRAN routine to suspend execution until a specified bit pattern

c... is read from the specified port

c

integer*4 addrzs,value

integer*4 result,n,m

I call inplb(addres,value)

result = IEOR(value,m)

result = :AN.,result,n)

if(result.eq.0) go to 1

return

end

c

c... Subroutine to read all of the user supplied parameters for the HC

c... program.

c

subroutine rdparm(numave,ngain,factor,lent,filnam,rO,mtype,heat,T)

c

c... numave = Number of wheel turns to measure over

c... nqain = Gain -f A/D board

c. 4ar# - =Divisicn factor based on ngain for voltage conversion

c... lent = Time length for measurement run

c... tilnam = Name of user supplied file to store HCl concentrations
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c .. rO = HCl ratio in absence of HCl absorption

c .. mtype =Measurement type: 0 for calibration, I for HCl determination

c... heat = Aerosol heater on(1) or off(D)

c... T = Ambient temPrature in Celsius

c

integer*4 numave,nqaln,lent,mtype,heat

rea1*4 rO,factor,T

character filnam*14,header*72

c

write(6,*)'Average over how many measurements

read(5,*) numave

C33 write(5,*)'select gain factor:'

c write(6,*) '(0 for qIO V)'

c write(6,*) '(1 for q5 V)'

c write(6,*) '(2 for q2.5 V)'

c write(6,*) '(3 for q1.2 5 V)'

C write(6,*)'gain factor:

c -aad(5,*) ngain

c if(nqain.LT.0.QR.ngain.GT.3) then

c write(6,*)'Please input a number between 0 and 3'

C goto 33

c end if

ngain=2

write(6,*)'

if(nqain.eq.0) factor=1.0

if(ngain.eq.1) factor=2.0

it(ngain.eq.2) tactor=4.0

it(ngain.eq.3) factor=8.0

C

write(6,*)'Name the file you wish to store data to'

11 format(AI)

12 forrm-t( A14)

13 format(A72)

14 format(lx,A72)



C

write(6,*) 'ilename='

read(5,12) filnam

write(6,*)'print a one line header'

reaa(5,13) header

cpen(20,file~filnam,status='unknown' )

write(2Q,14) header

C

mtype =-

50 write(6,*) 'Measurement type'

write(6,*) 'Calibration =0'

write(6,*) 'HCl testing =1'

read(5,*) rntype

if(.not.(mtype.eq.0.or.mtype.eq.1)) goto 50

heat=-!

55 write(6,*) 'Aerosol measurement'

write(6,*) 'Aerosol Heater off =0'

write(6,*) 'Aerosol Heater on 1'V

readr5,*) heat

write(6,*) 'Input the ambient temperature in Celsius'

read(5,*) T

if( .not.(heat.eq.0.or.heat.eq. 1)) goto 55

write(6,*) 'Input time duration of data accumulation'

read(5,*) lent

open (unit= 15,file ' calib , status=' old')

if(mtype.eq.1) read(15,*) rO

return

en d

ginclude <stdio.h>

ginclude <conio.h>

4include <ctype.h)

This C function checks whet' er or not the escape key was hit

yes then 27 (ascii representaton of escape key) is returned

no 0 is returned/



/* called as FORTRAN subroutine 'eschit(dum)'

integer*4 dum /

void eschit(dum)

int near *dum;

int c;

if ( kbhit() ) (

c getcho;

else

c 0;

if (c==toascii(27)) *dum = 27;

if (c!=toascii(21)) *dum = 0;

4include <stdio.h>

linclude <ctype.h>

#include <graph.h>

struct videoconfig vc; /* variable vc of type videoconfig */

void pltgr(tmax)

int near *tmax; /* tmax is the time scale (min) maximum*/

/* This C function sets up the plotting coordinates for the HCl

real time measurements. Used with 'pltpts' to plot the points */

/* called as FORTRAN subroutine 'pltgr(tmax)'

integer4 tmax I

int i,J,tkval;

setvideomode (_HRESBW);
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_getvideoconfig (&vc);

-setcolor (2);

moveto (52,172);

lineto (640,172);

-moveto (52,172);

lineto (52,0);

moveto (50,0);

linsto (54,0);

-moveto (50,43);

lineto (54,43);

moveto (50,86);

lineto (54,86);

-moveto (50,129);

lineto (54,129);

tkval (*tmax+10)/10;

for (i=52; i<=632; i~i+58)

.moveto (i,170);

-lineto (i,174);

-settextposition(1 ,3);

printfU lOOO");

settextposition(6,4);

printfV 100");

-settextposition(11 ,5);

printf(*10*);

settextposition(17,6);

printf(V);

settextposition(22,5);

printf( .1");

-settextposition(23, 7);

printf("0");

-settextpositjon(10, 1);

printf('HC1');

settextposition(1 1,1);

printtU ppm');
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for (il; i(:TD; i++)

-settextposition(
25,35);

printf ('time (min)');

#include (stdio.h>

ginclude (math.h)

ninciude <graph.h>

struct videoconfig vc; /* variable vc of type videoconfig *

,'* This function accepts the elapsed time and the concentration in

ppm and plots it on a log plot, tmax is the time scale (min)

maximum */

/* This C funtion plots properly in the -HRES8W mode and should be

used with 'pltgr' IV

/* called as FORTRAN subroutine 'pltpts(etim~cppm,tmax)'

real*4 etim,cppm

integer*4 tmax

void pltpts(etim,cppmf,tmax)

mnt near Stmax;

float near *etim;

float near *cppm;

mnt xscale;

mnt X,Y;

xscaie =1O*((*tmax+1O)/lO);

if(*cppm <= 0.1)

y =0;

else if(*cppm >= 100.0)
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y = 172;

else

y = (int) (43.0*loglO(*cppm)+43.0);

setpixel(x+52,1 72-y);

4include <stdio.h>

Ainclude <graph.h>

void rscrn()

/* This C function clears the screen and sets the video mode to

TEXTBW80 (the normal text mode for the Compaq) */

/* called as FORTRAN subroutine 'rscrn' /

clearscreen(..GCLEARSCREEN);

.setvideomode(.TEXTBWBO);

assembly function to clear the screen, should word in any video mode

called as FORTRAN subroutine 'CLS'

.model large

.code

PUBLIC CLS

CLS PROC

EXTRN HOME:FAR

PUSH BP

mov ax,OfOOh

int 010h

mov bh,O7

cmp al,03

jle bh-set

cmp al,07

je bhset
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xor bh, bh

bh-set: moy ax,0600h'

xor cx,cx

may dx,l84Fh

int 010h

call HOME

POP BP

RET 4

CLS ENOP

END

assembly function to position the cursor at the top lefthand corner

of the screen

called by assembly function 'CLS'

.model large

.code

public HOME

HOME proc

push bp

may ax,0200h

xor bx,bx

xor dx,dx

int 010h

POP bp

ret

HOME endp

end

*assembly function to fetch the date for FORTRAN subroutine 'getdat(dzde)'

*integer*4 date

.model large

.code

PUBLIC gdate

gdate PROC
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PUSH BP

MOV 8BP,SP

xor AH, AH

mov AH,2AH

int 21H

les BX,DWORD PTR [8P.61

mov ES:(BX11,DX

mov ES: [BX]+2,CX

POP BP

RET 4

gdate ENOP

END

assembly function to fetch the time of day for FORTRAN subroutine

S gettim(time)*

integer*4 time

.MODEL LARGE

.CODE

PUBLIC gtime

gtime PROC

PUSH 8P

MOV BP,SP

xor AH,AH

mov AH,2CH

mnt 21H

les BX,DWORD PTR IBP+6']

mov ES:(BX),DX

mov ES: LBX]+2,CX

POP BP

RET4

gtime ENOP
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END

assembly function to input a low byte from a port called as FORTRAN

subroutine 'inplb(port,value)'

integer*4 port,value

.model large

.code

PUBLIC INPLB

INPLB PROC

PUSH BP ;Saves framepointer on stack

MOV BP,SP

LES BX,DWORD PTR[BP+lO]

MOV OX,ES:[BX]

LES BX,DWORD PTR[BP+5)

IN AL,DX

XOR AH,AH

MOV ES:tBX],AX

POP BP ; Restore the framepointer

RET 8

INPLB ENDP

END

assembly function to output a low byte to a port called as FORTRAN

subroutine 'outlb(port,value)"

integer*4 port,value

.model large

.code

PUBLIC OUTLB

OUTLB PROC

PUSH BP ;Saves framepointer on stack

MOV BP,SP
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LES BX,OWOR0 PTR[BP+103

MOV OX,ES:(BX]

LES BX,OWORD PTR[BP+61

MOV AL,ES:[BX]

OUT MXAL

POP 8P ;Restore the framepointer

RET 8

OUTL8 ENOP

END

assembly function to output a character string to the current text

cursor position. String must be terminated with a Scharacter

called as a FORTRAN subroutine 'pstrng(c)'

character c*(up to 80)

.model large

.code

PUBLIC pstrng

pstrng PROC

PUSH 8P

MOV 8P,SP

les 8X,OWORD PTR [BP+6]

m DX,BX

push DS

mov AX,ES

mcv DS,AX

may AH,9,

int 21H

POP DS

POP BP

RET 4

pstrng ENOP
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END

hcl.obj: hcl.for

fl /c hcl.for

nclscrn.obj: hclscrn.for

fl /c hclscrn.for

crt c'is.obj: crt-cls.asm

masm crt cls;

crt home.obj: crt hurne.asrn

masm crt home;

pstring.obj-. pstring.asm

masm pstring;

gettime.obj: gettime.for

fl /c gettime.for

gtime.obj: gtime.asm

masm gtime;

twait.obj: twait.for

fl /c twait for

rdparmobj: rdparm.for

fl /c rdparm.for

stpclr.obj: stpclr.fcr

fl /c stpclr.for

setad.obj: setad.for

fl /c setad.for

rdatod.obj: rdatod.for
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fl /c rdatod.tor

sr96QO.obj: sr9600.tor

fl /c sr9600.tor

atodfile.lib: stpclr.obj setad.obj rdatod.obj sr9600.obj

lib atodfile -+stpclr.obj -+setad.obj -+rdatod.obj -+sr9600.obj;

sorter .obj: sorter. for

fl /c sorter.for

anal~l.obj: anal~l.for

fl /c anal~l.for

wait.obj: wait.for

fl /c wait.for

Pittf.obj: pltgr.c

qcl /c /AL /Od /FPi87 pltgr.c

pltpts.obj: pltpts.c

qcl /c /AL IOd /FPi87 pltpts.c

rscreen.obj: rscreen.c

qci /c /AL /Od /FPi87 rscreen.c

keyhit.obj: keyhit.c

qcl Ac /AL /Od /FPi87 keyhit.c

cffles.lib: pltgr.obj pltpts.obj rscreen.obj keyhit~obj

lib cfiles -+pltgr.obj -+pltpts.obj -+rscreen.obj -+keyhit.obj;

inplb.obj: inplb.asm

masm inpib;
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out~b.obj: outlb.asm

masm outlb;

afiles.lib: crt cls.obj crt hoire.obj pstring.obj gtime.obj inplb.obj outlb.obj

lib afiles -+crtc'ls.obj -+crt. home.obj -+pstring-obj -+gtime -+inplb.obj -*outlb.obj;

ffiles.lib: hclscrn.obj twait.obj gettime.obj rdparrn.obj sorter.obj anal~l.obj wait.obj

lib ffiles -+hclscrn -+tIwait -+gettinie -+rdparn -+sorter -+dflall -+wait;

hcl .exe: hcl .obj

link /NOE hcl ..ffiles+atodfile+afiles+cfiles+c:quickclibllibc7.lib;
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APPENDIX C

OPTICAL TRAIN

The optical train of the 1IC1 detector is shown in Figure C.1. Light

from the 11C1 lamp is brought to focus at the center of the rotating matched

filter gas cell using a 50 mm focal length calcium fluoride lens and a

steering mirror. The HCI lamp is imaged by using a beam stop which limits

the aperture to the center portion of the lamp. This stop is placed at the

focus of the rear window of the lamp, thus, limiting the off-axis rays from

the sidewalls. This beam stop acts as somewhat of an aperture stop for

rays in front of the rear window, but does not limit the light from the

center of the lamp.

Light passing through the gas cell is then directed by a second

steering mirror through a 38mm f.l. lens to focus the image of the lamp

into the White cell. The White cell consists of three mirrors, each having

a radius of curvature of 250 mm and arranged in the conventional White cell

geometry. The center of curvature of the two rear mirrors have been

H I LAMP

FILTER VHEEL LES|1LM

TER-_ REAR VHJTE CELL

CELL MIRRORS

BANDPASS CELL MIRRDR
FILTER DETECTOR

Figure C.1. Schematic of Optical Layout.
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machined to be separated by 3 mm. This separation provides six spots, each

separated by 6 mm on the top portion ot the front mirror before the beam

exits off the edge. These spots, together with the seven spots on the

bottom portion of the front mirror provide a total of 28 passes through the

cell before exiting the other side. Exiting light is passed through a

second 38 mm f.l. lens so that the circle of least confusion of the

focussed light is centered on the detector by the final steering mirror.

SYSTEM ALIGNMENT

The system is prealigned in the initial assembly. A minimum of

realignment should be necessary, and the primary service should involve

cleaning the windows and mirrors of the White cell. Access to the White

cell is obtained by removing the aerosol heater and dust cover, then

removing the 8-32 socket head cap screws from around the cell cover, and

sliding the cell cover off. The mirrors can be cleaned with methyl alcohol

and a clean cotton swab. However, should a mirror become damaged,

realignment must accompany replacement. Since the entire optical train is

sealed from the atmospheric sampling area, the primary portion requiring

realignment is the White cell mirror assembly, which must be taken out and

resurfaced. Each mirror has been plated with a nickel coating, polished

and then gold overcoated. When these mirrors are severely contaminated,

they should be removed for cleaning and resurfacing.

The White cell field mirrors can be removed as a unit by removing four

6-32 cap screws bolted to the side panels and the two 4-40 flat head

cap-screws from the bottom. The entire assembly can thus be cleaned and

mirrors resurfaced. Each mirror can also be removed individually; however,

much more work would be involved to realign the mirrors, as shims have been

placed for final alignment of the White cell due to machining tolerances on

the brassboard system. These should be saved for reassembly. The front

mirror can be accessed by removing the four 8-32 socket head cap screws

next to this mirror. This removes the entire White cell optical bench.

Three 6-32 screws also hold this mirror in place. Good nominal alignment
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can be achieved by simply rebolting each subsystem back into their original

positions. However, if the system has been disassembled, realignment can

be achieved as follows:

In order to re-align the optical train, the circulation pump must

first be removed. This gives access to the optical axis of the system.

Since the lamp is transparent, a small HeNe alignment laser is easily

placed in place of the circulation pump to provide a beam of collimated

light through the rear end of the lamp. There are a minimum of adjustments

within the optical train. Placement of the lenses and mirrors have been

machined to nominal positions. Because of machining tolerances in the

brassboard instrument; however, some realignment may be necessary when the

White cell 4s removed and replaced. The optical axis of the system is held

at 2.00 inches (50.8 mm) above the optical bench. The laser should.

therefore, provide a light beam at this height that is parallel with the

optical bench. This laser beam should pass through the left hand slot of

the front White cell mirror and fall onto the center of the left rear

mirror. The izcurn from this rear mirror should fall di-ectly under the

inside edge of the right hand slot. The further passes through the White

cell should resemble these shown in Figure C.2. Adjustments of the White

cell consists of putting shims under each of the rear mirrors until the two

rows of return spots are parallel with the optical bench. Slight

adjustments of the rear mirrors can be accomplished by moving these mirrors

within their mounting holes before tightening. This "slop" would be keyed

out of production instruments.

Once the laser beam exits from the right hand side of the White cell,

it should strike the center of the collection lens and be focused onto the

detector. Slight mibd]ignments due to non-exact placement of the White

cell mirrors may be compensated for by adjusting the steering mirror.

Gross adjustments, iowever, arc best made by alignment of the White cell.
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Figure C.2. Schematic of Light Spot Locations on White Cell.
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APPENDIX D

ELECTRONIC DESIGN ?OR THE HCI :4-3O TOR

The electronic circuits for operating the HCI monitor are physically

located in three places:

* within the optical module

* within the power supply module

* inside the portable personal computer

The circuits are briefly described in the following.

A. OPTICAL MODULE ELECTRONICS

Figure D.1 shows the circuits used to amplify and buffer the detector

signal, to control the detector refrigeration temperature, to regulate the

chopper wheel motor speed, and to regulate the HCI lamp temperature. The

aerosol heater operates directly from a 5-volt regulated power supply and

does not need control circuitry. It draws a current of about 5 amperes.

All the circuits in the optical module were mounted on a printed

circuit board which was soldered to the detector as an integral unit. The

power supply and signal paths are provided by an 18-pin military connector.

1. Detector Amplifier and Buffers

The lead selenide detector operates as a photo-conductive device

(RD) with a resistance of 3M ohm. To obtain maximum signal front the

detector, the load resistor R2 is chosen to match this impedance. The

signal is AC coupled to a buffer Ula and then amplified by 100 by Ulb,

and buffered again by U2a. The output of U2a is used to drive the

motor controller and the output driver circuit.
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Figure D.1. Circuit Diagram for the Optical Module Electronics.
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The output driver (U2c, U2d and Q2 ) amplifies the signal by 2 and

adds to it a positive offset. The latter is necessary to keep the

output transistor Q2 from cut-off. The offset adjustment is done by

trimming RIO so that the base line of the output signal is above

cut-off (-0.2v above ground). The present circuit can drive 1000 ft

of RG-58-u cable with a 50 ohm termination with little signal

degradation.

2. Detector Refrigerator Controller

The lead selenide detector is cooled internally by a

thermo-electric device. The temperature of the detector is provided

by an internal thermister, the calibration curve of which is shown in

Figure D.2. To maintain a constant temperature, the current to the

thermo-electric cooler Rf is regulated by a negative feedback

amplifier composing of U2b and Q1 . The feedback maintains the

thermister resistance at 10KO which corresponds to a temperature of

-260 C. The circuit has been tested satisfactorily over an

environmental temperature range of 20 to 700 C.

3. Motor Speed Controller

The detector signal from buffer U2a is filtered by R30 ant C13

and AC coupled into the frequency to voltage converter U3. The

converted voltage is compared with a reference voltage set by R19, and

the difference signal is used in a feedback loop to maintain the motor

speed. Different motor speeds may be obtained by adjustment of R19.

The normal speed is set at -1900 rpm.
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4. The HCI. Lamp Temperature Controller

The temperature of the HCI lamp is measured by a Type K

thermocouple located at about the middle of the lamp. The

thermocouple voltage is amplified b7 U4 (which also provides an

ice--point internal reference). This voltage is compared with a preset

value set by R29. The difference is used to drive the feedback

amplifier U5a and Q4 to provide the necessary lamp current for stable

temperature operation. The temperature to voltage transfer function

for U4 is given in the following table.

T(C) V(Volts)

500 5.107

600 6.101

700 7.206 (source: Analog

800 8.232 Devices Data Book)

900 9.233

A typical lamp temperature history is shown in Figure D.3. The

heat up process started at A. (The lamp was slightly hotter than room

temperature because it had not cooled down completely from a previous

test.) The heat up time (to B) was about 3 1/2 minutes with a slight

temperature overshoot at B. At C, the temperature set point was

readjusted (by adjustment of R29), and the lamp temperature increased

to D. The temperature remained constant for the rest of the test

period.

B. POWER SUPPLY MODULE

The power supply module houses five regulated power supplies (see

Figure D.4). The 100-volt low current supply for the detector was

regulated by a zener diode. The other four supplies were commercial units.

'rhe 25-volt supply was a 28-volt commercial unit. adjusted down to 25 volt.

The AC line current was about 2 amperes.
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'Figure D.3. HC Lamp Temperature History.
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Figure DA4. Power Supply Module.
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C. COMPUTER MODULE

The computer module crnsists of a Compaq portable PC-XT compatible

personal computer. The analog to digital conversion is performed by a

Data-Translation DT 2812 board. The signal from the HCi monitor is

buffered by the circuit shown in Figure D.5. Also shown on the figure Is

the circuit which derives a clock signal from the analog signal to strobe

in the data.

Referring to Figure D.5, the analog signal is filtered by R102 and

C102, buffered by UlOib, and is then fed to the analog input of the A to D

converter. The clock signal is derived from the analog signal using a

Schmidt trigger (UlOc), the output of which is inverted by Q10 and

connected to the monostable multivibrators U102 and U103. The time delay

of the trigger signals (which can be measured at pin 5 of UlO2b and UlO3b)

from the trailing edge of the signal (at the inputs (pin 1) of UlO2a and

UlO3a) are set by R109 and R112,respectlvely. The timing diagram is shown

at the bottom of Figure D.5. The trigger signals are combined by a NOR

gate (U104) and Inverted by Q102 to provide the strobe signal for the A to

D conversion.

The +12-, -12-, and +5-volt power supplies for the above circuit were

obtained from the bus connector of the computer.

D. ADJUSTMENTS

The adjustments within the optical module are:

* Tamp temperature adjustment R29.

* Motor speed adjustment R19.

* Signal offset adjustment R11.

The locations of these adjustment trim pots are shown in Figure D.6. The

adjustments within the computer module are:

• Time delay adjustment for the signal strobe R109.

' Time delay adjustment for the baseline strobe R112.

The location of these adjustment trim pots are shown in Figure D.7.
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Figure D.6. Adjustments on PC Board Within the Optical Module.
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Figure D.7. Adjustments on PC Bodrd Within the Computer Nodule.
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